Tubular ultrasonic motors are one of the simplest yet effective methods to realize rotational ultrasonic motors. In this paper, electromechanical modeling of a tubular ultrasonic motor is achieved using assumed-modes method, Euler-Bernoulli beam theory, and constitutive equations of piezoelectricity. Upon validating the analytical model using finite element method (FEM) and the experimental result, effect of the design variables on speed is investigated using sensitivity analysis. The result proves that the speed of the motor is almost independent of the tube length for a constant length ratio of the tube and piezo-plates. Excellent agreement between the experimental and analytical model is observed. In addition, a set of guidelines for high speed designing of the stator is proposed. The results of this paper greatly facilitate design of tubular ultrasonic motors with respect to achieving high speed motor.
INTRODUCTION
Ultrasonic motors, transducers that convert ultrasonic vibrations to the rotational or linear movement, are valuable for the industry and researchers due to their superior characteristics compared to the conventional electromagnetic motors. Some of the advantages are the ability of miniaturization, simple structure, high reliability, and functioning capability in high magnetic field and vacuum spaces such as in a spacecraft. 1 Tubular ultrasonic motors (TUSM) are designed to produce rotary movement in a simple and straightforward way. Two types of travelling and standing wave tubular ultrasonic motors are categorized and investigated by researchers. [2] [3] [4] [5] [6] [7] [8] [9] Attached piezoelectric transducers to the stator convert alternative voltage signal to vibration. Thereby, the resulted tooth displacements by stator vibrations rotates the shaft through friction force.
Parametric optimization of ultrasonic motors intended to enhance the characteristics of motors such as speed, torque, and efficiency is one of the main fields of research in ultrasonic motor designs. Pons et al. 10 proposed a new optimization approach for the stator of travelling ultrasonic motors, according to the stator, rotor, and interference model. Zhao et al. 11 in-troduced an optimization design method for a three-degree of freedom ultrasonic motor using constrained variable metric algorithm (CVMA). Mathematical models combined with finite element method (FEM) is used for estimating the characteristics of a motor. Experimental mode shapes and frequencies were in good agreement with those predicted by the program. Ko et al. 12 investigated the curvature of the stator tip and its normal force along with the stress analysis to improve torque, speed, transmitted power, and efficiency. Eventually they validated the influence of the stator's tip on the motor characteristics using experimental data. Zhu et al. 13 prepared the electromechanical coupled dynamic model of bar-type ultrasonic motor based on finite element method. An optimal model to achieve design requirement was derived using the pattern search algorithm. Zhang et al. 14 accomplished multi-objective optimization of rod shape ultrasonic motor using sequential quadratic programming and finite element method. The proposed design method achieved significant enhancement in the design indexes and was effective in the design of ultrasonic motors. This paper concerns the electromechanical modeling, sensitivity analysis, and the design of tubular ultrasonic motors, which aim to increase motor speed. Main dimensions of the
